Abstract A series of novel heterocyclic sulfonyl-carboximidamides were synthesized in satisfactory yields via condensation of heterocyclic methyl carbimidates with 2-chlorobenzenesulfonamide and 4-chloropyridine-3-sulfonamide. New structures were confirmed by IR and NMR spectra as well as elemental analyses. X-ray crystallography of two derivatives was performed. The single-crystal structures confirmed the presence of a primary amine group in the amidine moiety. All the compounds were screened for their tuberculostatic, antibacterial, and anticancer activities. Preliminary results indicated that target compounds exhibited weak tuberculostatic and antibacterial activities. Seven compounds inhibited the growth of some cancer cell lines, whereas one of the 2-quinoline derivatives displayed favorable activity against all tested cancer cells with GI 50 values of 0.92-13 lM.
Introduction
Sulfonamides are compounds with diverse pharmacological activity. They are known the most for their antibacterial [1] and antihypoglycemic [2] activities. Some of the sulfonamides act as antimycobacterial [3] and antifungal [4] agents. Intensive studies on the antitumor activity of sulfonamides were also carried out [5] . One of the most potent compounds is chloroquinoxaline sulfonamide (CQS) presently in the second phase of clinical trials [6, 7] . This compound has a chlorine atom in its structure linked to the quinoxaline ring (C-5) substituted at the C-2 position with a sulfanilamide moiety. The antitumor activity of this sulfonamide is associated with the inhibition of topoisomerase II [8] . Other sulfonamides have also been described as apoptosis promoters [9, 10] including sulfonyl-carboximidamides [11] .
The amidine functional group is an important structural element of compounds with established pharmacological activity. Amidine derivatives have antidegenerative [12] , antitumor [13] , and antiplatelet action [14] . They also act as serine protease inhibitors [15] and nitric oxide synthase (NOS) inhibitors [16] . Compounds with anti-HIV [17] , antibacterial, and antifungal activities [18] also were found among them. Moreover, the amidine group may be a perfect linker unit that could connect two pharmacophores, e.g., the sulfanilamide moiety and the pyridine or pyrazine system.
These findings prompted us to extend our search for biologically active compounds among nitrogen heterocyclic derivatives. We undertook the synthesis of structures that were condensates of heterocyclic methyl carbimidates with 2-chlorobenzenesulfonamide and 4-chloropyridine-3-sulfonamide. The synthesized compounds were evaluated for their biological activity in vitro: tuberculostatic, antibacterial, cytotoxic, and anticancer. We have also determined their crystal structure.
Results and discussion
The subject of this work was to study the reactions of heterocyclic carbimidates with sulfonamides that have a chlorine atom as a substituent in the ortho position to the sulfonamide group. Carbimidates are compounds of great reactivity. Among others they react with amines giving amidines as the products. A few reactions of alkyl-and phenylcarbimidates with sulfonamides have been also described. As a result, sulfonamidines are formed [19] .
One method presented in this article is to use 2-, 3-, and 4-pyridine-, 2-pyrimidine-, 2-pyrazine-, 6-chloro-2-pyrazine-, 6-methoxypyrazine-, and 2-quinolinecarbimidate. An important element of the chosen synthetic route is that there is no need for isolation of carbimidates and they are used in situ after generation from the corresponding carbonitriles in methanol in the presence of DBU (1,8-diazabicycloundec-7-ene). Isolated carbimidates are easy to obtain in pure form and can be also used for 2-pyrazine, 6-chloropyrazine, and 6-methoxypyrazine derivatives. The carbimidates mentioned above underwent reaction with 2-chlorobenzenesulfonamide and 4-chloropyridine-3-sulfonamide. The reactions were carried out in a methanol solution of DBU. That led to the formation of amidine structures with the 2-chlorobenzenesulfonyl or 4-chloropyridine-3-sulfonyl substituent (1-12, 15, 16 ; Scheme 1). The amidine structures 9, 10, 13, and 14 were prepared from pure isolated carbimidates by refluxing equimolar amounts of the reagents in diglyme (bis(2-methoxyethyl) ether).
In the 1 H NMR spectra of the target amidines the signals for all the protons of aromatic systems were observed and two signals for the NH groups were shifted from each other at about 1 ppm. These separated signals could be due to the amino-imine structure adopted by the obtained derivatives ( Fig. 1, structure B) , as suggested by Northey and coworkers [20] . They could also be the result of the magnetic inequivalence of NH protons in the amine moiety upon formation of a hydrogen bond in the case of heterocyclic compounds in which the amidine group is in the a position to the nitrogen atom of the heterocyclic ring (structure A), as shown in the previous article [21] .
Such a structure could also be stabilized by hydrogen bonding between the second proton of the amine group and the oxygen atom of the sulfonyl moiety. This issue was resolved by X-ray studies performed on derivatives 3 and 4. The obtained results revealed the tautomeric structure A (Fig. 2a, b) . Thus, formation of hydrogen bonds is the reason for the magnetic inequivalence of the protons of the amino group and separate signals in the 1 H NMR spectra of the synthesized compounds.
Crystal structure of compounds 3 and 4
In the molecules of the title compounds (Fig. 2a, b ) the bond lengths and angles characterizing the geometry of the pyridine skeleton, amino and sulfonyl groups, and benzene ring are typical for this group of compounds [21] , although earlier reports from other authors suggested the existence of imine tautomeric structures. Comparison of molecules of 3 and 4 shows that the structures of both compounds are very similar (Table 1) .
However, we can observe differences in the dihedral angles and molecular interactions in the crystal packing. With respective average deviations from planarity of 0.006(1) and 0.007(3) Å , the nearly planar pyridine ring and aromatic fragment (2-chlorobenzene in compound 3 and 2-chloro-3-pyridine in compound 4) are oriented at an angle of 60.6(2) and 69.1(3)°to each other, for I and II, respectively. In the packing of both compounds, the amino group participates in the intramolecular N-HÁÁÁO and intermolecular N-HÁÁÁO interactions (Fig. 2c, d ). This group is also engaged in N-HÁÁÁN intermolecular interactions, where the acceptor of the H atom is the endocyclic N atom from the pyridine (compound 3) or chloropyridine (compound 4) rings. The neighboring molecules in 3 and 4 are also linked through the C-HÁÁÁCl hydrogen bond. Additionally, weak C-HÁÁÁO hydrogen bonds are observed in the crystal packing of 4.
Biological activity
Four of the obtained sulfonyl-carboximidamides (2, 7, 8, 10) were evaluated for their in vitro tuberculostatic activity against the Mycobacterium tuberculosis H 37 Rv strain and two ''wild'' strains isolated from tuberculosis patients: one (sp. 210) resistant to p-aminosalicylic acid (PAS), isonicotinic acid hydrazide (INH), ethambutol (ETB), and . For all the compounds the determined MIC values were 25-50 lg/cm 3 against the three tested strains ( Table 2) .
The compounds were also tested for their antibacterial activity against P. acnes (ATCC 11827) and Brevibacterium linens (ATCC 9174). All of the synthesized sulfonylcarboximidamides (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 3 ). The most antibacterially potent sulfonylcarboximidamides 1, 2, and 15 were then tested for their effects on the proliferation of neonatal human dermal fibroblasts (ATCC PCS-201-010). MAP (magnesium ascorbyl phosphate) and bFGF (basic fibroblast growth factor) were used as the positive control (Fig. 3) . Compound 2 had no cytotoxic activity. Irrespective to the compound concentration the cell growth remained at the level corresponding to the watertreated control. Compound 1 had a weak inhibitory activity. cytotoxic effect was evident. In the range 25-100 lg/cm 3 a linear relation of the cytotoxic effect was observed with an 88 % growth inhibitory activity at a concentration of 100 lg/cm 3 . Compound 15 was strongly cytotoxic, even at the lowest concentration tested (6.25 lg/cm 3 -70 % growth inhibitory activity).
In view of the cytotoxic activity of compound 15, it was of interest to determine whether those compounds had an antitumor potential. Compounds 2-16 were tested in the framework of the Development Therapeutic Program (DTP) at the National Cancer Institute (Bethesda, MD, USA) on a panel of 60 human tumor cell lines derived from nine different cancer types: leukemia, lung, colon, CNS, melanoma, ovarian, renal, prostate, and breast. Among the compounds 2-16 tested in the preliminary NCI-60 onedose screen test seven of them (44 %) exhibited distinct growth inhibition (DGI) properties (Table 3) . Three compounds (2, 7, 11) were active towards one renal cancer UO-31 cell line. These compounds inhibited the growth of that cell line with DGI of from 19.4 to 21.1 %. Derivatives 4, 10, and 12 exhibited activity against two cell lines. Compound 4 was potent towards the melanoma MALME-3M cell line (DGI 20.0 %) and the renal cancer A498 cell line (DGI 24.1 %). Compound 10 exhibited activity against CNS cancer SNB-75 cell line (DGI 19.3 %) and compound 11 against melanoma MALME-3M cell line (DGI 22.6 %). Derivative 12 was active towards two cell lines, non-small cell lung cancer HOP-92 (DGI 25.9 %) and NCI-H522, against which the compound exhibited cytotoxic activity (DGI 142.9 %). Derivative 15 was the most potent compound. That compound exhibited activity towards eleven cell lines: leukemia HL-60 (DGI 19.7 %) and K-562 (DGI 35.9 %), non-small cell lung cancer NCI-H460 (DGI 19.6 %), colon cancer HT29 (DGI 60.4 %), KM12 (DGI 23.0 %) and SW-620 (DGI 24.7 %), melanoma MDA-MB-435 (DGI 80.4 %), ovarian cancer NCI/ADR RES (DGI 42.9 %), renal cancer TK-10 (DGI 21.7 %), breast cancer MCF7 (DGI 15.7 %) and MDA-MB-468 (DGI 42.2 %). Compound 15 was selected for further studies in five concentrations in the range of 10 -4 to 10 -8 M. The activity of the compound was expressed by three dose-response parameters: GI 50 -the molar concentration that inhibits 50 % net cell growth, TGI-the molar concentration leading to total growth inhibition, LC 50 -molar concentration leading to 50 % net cell death (Table 4) . Derivative 15 was the most potent towards the leukemia SR cell line (GI 50 0.92 lM), the non-small cell lung cancer NCI-H522 (GI 50 2.28 lM), the CNS cancer SNB-75 cell line (GI 50 2.52 lM), the melanoma MDA-MB-435 cell line (GI 50 1.13 lM), the ovarian cancer NCI/ADR-RES cell line (GI 50 2.32 lM), and the breast cancer MDA-MB-468 cell line (GI 50 2.01 lM). In general, compound 15 exhibited the highest activity against leukemia cell lines. The GI 50 mean value for that cell line panel was 3.52 lM.
Conclusion
A series of novel heterocyclic sulfonyl-carboximidamides with different nitrogen heterocyclic systems were synthesized successfully via condensation of heterocyclic methyl carbimidates with 2-chlorobenzenesulfonamide and 4-chloropyridine-3-sulfonamide. Structures of all these new compounds were confirmed by IR and NMR spectra as well as elemental analyses. X-ray crystallography of compounds 3 and 4 demonstrated the presence of the amine tautomeric structure. The antimicrobial activities of the synthesized compounds were evaluated against P. acnes and B. linens as well as M. tuberculosis. The results showed that the synthesized sulfonamide derivatives exhibited rather poor antimicrobial activities in vitro. Seven compounds (2, 4, 7, 10-12, 15) were able to inhibit the growth of some cancer cell lines, whereas the 2-quinoline derivative 15 showed the highest activity with GI 50 values of from 0.92 to 13.00 lM.
Experimental
All materials and solvents were of analytical reagent grade. Thin-layer chromatography was performed on Merck silica gel 60F 254 plates and visualized with UV. The results of elemental analyses (% C, H, N) for all obtained compounds were in agreement with calculated values within ±0.3 %. 1 H NMR spectra in DMSO-d 6 were recorded on Varian Unity Plus (500 MHz) and Varian Gemini (200 MHz) instruments (Varian, Palo Alto, CA). IR spectra were determined as KBr pellets of the solids on a Satellite FT-IR spectrophotometer (Mattson Instruments, Madison, WI). Electrospray MS analyses for compounds 1, 6, 9, 14, and 16 were performed on an HCT Ultra Bruker Daltonics spectrometer operating in positive-and negative-ion modes (sheath gas N 2 , temperature 300°C, flow 7 dm 3 /min, pressure 10 psi (689.48 hPa); capillary voltage in positive ion mode ?4 kV, in negative ion mode -4 kV). [100
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Compound samples were prepared in acetonitrile (1, 9, 14, 16) or methanol (6) . Melting points were determined with a Boethius apparatus (Franz Küstner Nachf. KG, Dresden, Germany). Methyl pyrazine-2-carbimidate and methyl 6-methoxypyrazine-2-carbimidate required for syntheses of compounds 9, 10 and 13, 14 were obtained according to the method described earlier by Foks and co-workers [22, 23] . Reaction yield and compound characteristics were found to be identical with those described (m.p. 115-116 and 100-101°C, respectively). The respective carbonitrile (5 mmol) was dissolved in 10 cm 3 of methanol and 0.1 cm 3 (0.7 mmol) of DBU was added. The mixture was refluxed for 0.5 h required for methyl carbimidate formation. Then 2-chlorobenzenesulfonamide or 4-chloropyridine-3-sulfonamide (4 mmol) was added. The mixture was refluxed for another 3 h. The solvent was evaporated under vacuum and 30 g of ice was added. The precipitate was filtered and recrystallized from a suitable solvent.
Alternative method B for the synthesis of sulfonylcarboximidamides 9, 10, 13, 14
Methyl pyrazine-2-carbimidate or methyl 6-methoxypyrazine-2-carbimidate (3 mmol) and the respective sulfonamide (3 mmol) were refluxed in 5 cm 3 of diglyme for 15 min. Then the mixture was cooled and 30 g of ice was added. The N-H), 1,620 (m C=N), 1,554, 1,514 (m C=C), 1,283 N-H), 1,623 (m C=N), 1,560, 1,397 (m C=C), 1,291,  1,219, 1,147 (m SO 2 ), 840 (c C-H), 600 (c N-H ? ).
X-ray crystallography
Good quality single-crystal specimens were selected for the X-ray diffraction experiments at T = 295(2) K. They were mounted with epoxy glue at the tip of glass capillaries. Diffraction data were collected on an Oxford Diffraction Gemini R ULTRA Ruby CCD diffractometer with CuKa radiation (k = 1.54184 Å ). The lattice parameters were obtained by least-squares fit to the optimized setting angles of the collected reflections by means of CrysAlis CCD [24] . Data were reduced by using CrysAlis RED [24] software by applying multi-scan absorption corrections (empirical absorption correction using spherical harmonics, implemented in the SCALE3 ABSPACK scaling algorithm). The structural resolution procedure was made using the SHELXS-97 package solving the structures by direct methods and carrying out refinements by full-matrix leastsquares on F 2 using the SHELXL-97 program [25] . All H atoms bound with aromatic C atoms were placed geometrically and refined using a riding model with C-H = 0.93 Å and U iso (H) = 1.2 U eq (C). All H atoms bound with N atoms were placed geometrically and refined using a riding model with N-H = 0.86 Å and U iso (H) = 1.2 U eq (N). All interactions demonstrated were found by the PLATON program [26] . The following programs were used to prepare molecular graphics: ORTEPII [27] 
Tuberculostatic activity
The newly synthesized compounds were examined in vitro for their tuberculostatic activity against M. tuberculosis H 37 Rv strain and two ''wild'' strains isolated from tuberculosis patients: one (sp. 210) resistant to p-aminosalicylic acid (PAS), isonicotinic acid hydrazide (INH), etambutol (ETB), and rifampicine (RFP), and the another (sp. 192) fully sensitive to the administered tuberculostatics (Table 2) . Investigations were performed by a classical test-tube method of successive dilution in Youmans' modification of the Proskauer and Beck liquid medium containing 10 % of bovine serum [30, 31] . Bacterial suspensions were prepared from 14-day-old cultures of slowly growing strains and from 48-h-old cultures of saprophytic strains [32, 33] . Solutions of compounds in ethylene glycol were tested. Stock solutions contained 10 mg of compounds in 1 cm 3 . Dilutions (in geometric progression) were prepared in Youmans' medium. Media containing no investigated substances and containing INH as reference drug were used for comparison. The incubation was performed at a temperature of 37°C. The MIC values were determined as the minimum concentration inhibiting the growth of the tested tuberculous strains in relation to the probe with no tested compound.
Antibacterial activity
Compounds 1-15 were dissolved immediately before use in 100 % DMSO at 5 mg/cm 3 and further to 1 mg/cm 3 in 10 % DMSO. Compounds were tested at serial dilutions in bacterial broth starting at 100 lg/cm 3 (final concentration). P. acnes (ATCC 11827, lot 419697) was grown in thioglycollate nutrient broth (Hardy Diagnostics K29) for 72 h at 33°C, then inoculated at the density equivalent to 0.5 McFarland standard and incubated with the test materials for another 72 h in an anaerobic environment. B. linens (ATCC 9174, lot 419862) culture was started from an agar plate, grown in nutrient broth (Hardy Diagnostics K243) for 24 h at 30°C, then inoculated at the density equivalent to 1 McFarland standard and incubated with the test materials for another 24 h. At the end of the incubation the MIC was assessed optically as the lowest concentration of a test material which caused no bacteria growth [34] . This optical assessment was further confirmed by measuring the absorbance at 655 nm with the BioRad 3550-UV microplate reader. The MIC was defined as at least 50 % inhibition of the increase of OD.
Cytotoxic activity
Passage for normal neonatal human dermal fibroblasts (ATCC PCS-201-010, lot 58243223) were grown in DMEM with 5 % calf serum (Hyclone). For the experiment, cells were plated in DMEM/5 % serum at 2,000 cells/well in 96 well plates (plate 598) and were exposed to test materials for 96 h. MAP and bFGF were used as the positive controls and water, 1, 0.5, and 0.25 % DMSO were used as the negative controls. Plate growth was stopped and cells were stained with a sulforhodamine B dye [35] . The dye was then dissolved and a colorimetric signal proportional to total cell/protein count was quantified with the BioRad microplate spectrophotometer 3550-UV at 570 nm with background subtraction at 660 nm and analyzed with Microplate Manager v.2 software for Macintosh (BioRad). Error bars represent standard errors of the mean (SEM). P values representing statistical significance were calculated using the t test.
Antitumor activity
Compounds 2-16 were tested in the preliminary screening on a panel of 60 human tumor cell lines in the framework of the in vitro Development Therapeutic Program (DTP) at the National Cancer Institute (Bethesda, MD, USA). Cell lines were derived from nine different cancer types: leukemia, lung, colon, CNS, melanoma, ovarian, renal, prostate, and breast. Compounds were tested at one concentration (10 lM). Compound 15, which passed the preliminary screening, was then tested at five different concentrations. Details of the system and the information which is encoded by the activity pattern over all cell lines have been published [36] [37] [38] . The antitumor activity of a test compound is given by the parameters for each cell line: GI 50 , i.e., the molar concentration of the compound that inhibits 50 % net cell growth, TGI, i.e., the molar concentration of compound leading to total growth inhibition, and LC 50 , i.e., the molar concentration of the compound leading to 50 % net cell death. Furthermore, a mean graph midpoint (MG_MID) is calculated for each of the mentioned parameters, giving an averaged activity parameter over all cell lines. For the calculation of the MG_MID, insensitive cell lines of the screen are included with the highest concentration tested. The selectivity of a compound with respect to one or more cell lines of the screen is characterized by the high deviation of the particular cell line parameter compared to the MG_MID value.
